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Description 

FIELD OF INVENTION 

[0001] The present invention relates to a method for 
calibrating a pump segment used in a peristaltic pump 
and a device adapted for carrying out the method. 
[0002] The invention is intended to be used within the 
medical field and particularly in connection with hemo- 
dialysis, hemodiafiltration and hernofiltration. It is how- 
ever clear for the skilled person that the invention has 
many other fields of application, e.g. dialysis in general. 

PRIOR ART 

[0003] It is well known that the flow rate obtained from 
a peristaltic pump depends on many factors such as 
pump speed, elasticity and diameter of the pump seg- 
ment and the pressure upstreams and downstreams of 
the pump. 

[0004] When such a peristaltic pump is used in con- 
nection with a dialysis machine, such as GAMBRO 
AK1 00, including a peristaltic pump, the flow through the 
peristaltic pump is calculated as being proportional to 
the revolution rate of the pump. To obtain the flow rate, 
the revolution rate is multiplied by a calibration factor 
which is dependent on inter alia the inner diameter of 
the pump segment used. This can lead to substantial 
errors in the fluid flow as presented on a display of the 
dialysis machine. This is especially true at larger flows, 
where the pressure upstreams of the pump can be very 
low. 

[0005] The above mentioned dialysis machine, GAM- 
BRO AK 1 00, includes an option to include a pressure 
meter just upstreams of the peristaltic pump instead of 
a pressure monitoring arrangement which otherwise is 
standard. 

[0006] GAMBRO AK 1 00 machine is further provided 
with a safety coupling, to which the dialysis fluid tubes 
are connected during cleaning of the dialysis fluid circuit 
in the monitor. As will appear below, such a safety cou- 
pling can advantageously be used when carry ing out the 
present invention. Examples of such safety couplings 
are described in US Patents Nos. 4 122 010 and 4 728 
496. Moreover, US Patent No. 4 762 618 describes fur- 
ther components which can be included in the device 
according to the present invention. 
[0007] WO 91/09229 discloses a peristaltic pump, in 
which the pumping action is adjusted in dependence of 
the outer diameter of the tubing after a certain time pe- 
riod. The motor speed is adjusted for maintaining an ap- 
proximately constant flow rate of infusion. 
[0008] A peristaltic pump of the dialysis machine 
GAMBRO AK 100 is provided with a pump segment in- 
cluded in a set of tubings, which is exchanged at each 
treatment. During one treatment, a patient is connected 
to the set of tubings by a fistula needle. The blood of the 
patient is taken out into an extracorporeal circuit and 



passes the pump segment of the peristaltic pump. 
[0009] Such set of tubings are made of inexpensive 
PVC-material. Thus, the diameter of the pump segment 
can vary considerably, due to manufacturing tolerances. 

s Moreover, a pump segment having the same outer di- 
ameter can have different inner diameter, due to differ- 
ent wall thickness. Still further, a pump segment having 
the same internal diameter can have different flow re- 
sistance, due to different inner surface roughness or 

10 other dimension alterations. 

[0010] In order to take account for pump segments 
having different properties, it is necessary to calibrate 
the peristaltic pump for each new pump segment used. 
This will mean that the peristaltic pump will need to be 

is recalibrated for each treatment. 

[0011] Before each treatment, the set of tubings and 
the dialyzer are primed with a sterile priming solution. 
Moreover, the part of the dialyzer being connected to 
the dialysis solution is primed with ordinary dialysis so- 

20 lution and a transmembrane pressure is supplied for 
testing the dialyzer. 

DISCLOSURE OF THE INVENTION 

25 [001 2] According to the present invention there is pro- 
vided a method of calibrating a peristaltic pump intended 
to be used in connection with a medical machine com- 
prising an internal fluid flow meter. The peristaltic pump 
includes a replaceable pump segment and propelling 

so means for advancing a fluid or liquid inside the pump 
segment. According to the invention, the method com- 
prises introducing a fluid to said pump segment, when 
placed in position in said propelling means; pumping 
said fluid by said peristaltic pump at a constant revolu- 

35 tion rate of said propelling means; obtaining and meas- 
uring at least one adjusted inlet pressure to said pump 
segment; and measuring the fluid flow rate through said 
pump segment at said adjusted inlet pressure by said 
internal fluid flow meter of the medical machine, for ob- 

40 taining at least one calibration pair values. Preferably, 
at least three calibration pair values are obtained and a 
calibration curve is calculated from said calibration pair 
value or values for the relationship between the fluid flow 
rate and inlet pressure at said constant revolution rate, 

45 whereupon the actual fluid flow rate is obtained from 
said calibration curve based on the actual inlet pressure 
and the actual revolution rate of the propelling means. 
[0013] According to one embodiment of the invention , 
the fluid flow from the outlet of the peristaltic pump, dur- 

50 ing said at least one adjusted inlet pressure, is intro- 
duced into the medical machine for obtaining said fluid 
flow rate from said internal fluid flow meter of the medical 
machine. An adjustable throttle valve supplies said ad- 
justed inlet pressures. 

55 [0014] In another embodiment, the inlet flow to said 
pump segment is obtained from an outlet of said medical 
machine, said inlet flow rate being mesured by said in- 
ternal flow meter of said medical machine. In this case, 
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the adjusted inlet pressures are obtained from an inter- 
nal pump of said medical machine, said internal pump 
being operated so as to provide said inlet pressures, or 
altenatively by an adjustable throttle valve. 
[0015] Preferably, said medical machine is a dialysis s 
machine comprising at least one internal fluid flow me- 
ter. 

[0016] The flow through a pump segment also chang- 
es over time, calculated from the start of treatment. This 
time is measured and the actual determined fluid flow is 10 
compensated for the time. Alternatively, the calibration 
is performed after the laps of a certain time, for example 
after more than 15 minutes, preferably after more than 
30 minutes. 

[0017] The invention also relates to a medical ma- is 
chine for carrying out the method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] Fig. 1 is a schematic view of a dialysis machine 20 
adapted for priming. 

[0019] Fig. 2 is a diagram showing calibration curves 

for pump segments of five different brands. 

[0020] Fig. 3 is a diagram showing the same pump 

segments dependency on time. 25 

[0021] Fig. 4 is a schematic view similar to Fig. 1 and 

shows a first embodiment of the present invention. 

[0022] Fig. 5 is a schematic view similar to Fig. 4 and 

shows a second embodiment of the invention. 

[0023] Fig. 6 is a schematic view similar to Figs. 4 and 30 

shows a third embodiment of the invention. 

[0024] Fig 7 is a schematic view similar to Fig. 4 and 

shows a fourth embodiment of the invention 

[0025] Fig. 8 is a schematic view similar to Fig. 7 and 

shows a fifth embodiment of the invention. 35 

[0026] Fig. 9 is a schematic view similar to Fig. 8 and 

shows a sixth embodiment of the invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

40 

[0027] Fig 1 is a schematic diagram of a dialysis ma- 
chine provided with a set of tubings and a dialyzer as 
set up before the start of a treatment for priming pur- 
pose. 

[0028] The dialysing machine can be GAMBRO AK 45 
1 00 intended for hemodialysis. Only those parts and de- 
tails which are necessary for understanding the present 
invention are shown in Fig 1 . 

[0029] The dialysis machine 1 comprises an inlet 31 
for dialysis solution leading to an inlet pump 20. Then, so 
the dialysis solution passes through a flow meter 1 9 for 
measuring the fluid flow rate. From the flow meter 19, 
the dialysis solution is emitted through a dialysate outlet 
32. 

[0030] From dialysate outlet 32, the dialysis solution ss 
is passed through a dialyzer 2, as explained in more de- 
tails below, and back to a return inlet 33. From the return 
inlet 33. the dialysis solution passes through a second 




463 B1 4 

flow meter 18 and a pump 21 to a waste outlet 34. The 
spent dialysis solution is given off through waste outlet 
34 to a waste. 

[0031] The dialyzer 2 comprises two compartments, 
a first of which 3 is intended to comprise blood, and a 
second of which 4 is intended to comprise a dialysis so- 
lution. The second compartment 4 has one inlet 7 and 
one outlet 8, which are connected to dialysate outlet 32 
and return inlet 33 via hoses 5 and 6. The first compart- 
ment 3 has one inlet 11 and one outlet 12. Inlet 11 and 
outlet 1 2 are connected to a patient via a set of tubings 
1 4 ended by needles 35 and 37. 
[0032] The set of tubings comprises a first hose 42 
connecting needle 35 to the inlet of a peristaltic pump 
segment 36, the oulet of which being connected to the 
inlet 11 of dialyzer 2 via a second hose 43. The outlet 
1 2 of dialyzer 2 is connected to a drip chamber 38 and 
further to needle 37 via a third hose 44. The drip cham- 
ber 38 is intended for ensuring that no air is delivered 
to the patient. 

[0033] Before using the dialysis machine provided 
with the set of tubings and dialyzer, it is necessary to 
prime the parts. The priming takes place in the following 

way. 

[0034] The blood inlet needle 35 is connected to a 
container 40 comprising sterile priming solution. The 
priming solution is pumped via needle 35, blood tubing 
hose 42, pump segment 36, hose 43, inlet 11 , dialyzer 
first compartment 3, outlet 1 2, drip chamber 38 and pa- 
tient needle 37 to a waste 41 . At the same time, dialysis 
solution is delivered to the second compartment 4 of the 
dialyzer 2 via solution inlet 31 , pump 20, flow meter 19, 
outlet 32, hose 5, inlet 7, second compartment 4 of dia- 
lyzer, outlet 8. hose 6, inlet 33, flow meter 18. pump 21 , 
waste outlet 34 to a waste. Usually pumps 20 and 21 
are operated so that a low or negative pressure prevails 
in the second compartment 4 creating a transmembrane 
pressure over the membrane between the first compart- 
ment 3 and the second compartment 4 of the dialyzer 
2. This transmembrane pressure generates an ultrafil- 
tration flow through the membrane from the first com- 
partment 3 to the second compartment 4. Thus, the out- 
let flow through outlet 8 of dialyzer 2 is larger than the 
inlet flow through inlet 7. The difference between those 
flows are measured by flow meters 18 and 19. 
[0035] The dialyzer 2 is tilted and moved until all air 
has escaped from the dialyzer. At the same time, any 
loose particles within the dialyzer 2 or its connections 
are removed by the fluid flow. 
[0036] After priming, needles 35 and 37 are replaced 
by sterile needles andconnected to the patient for taking 
out the blood of the patient into an extracorporeal circuit 
through the set of tubings, the peristaltic pump and the 
dialyzer. 

[0037] The blood flow rate through the extracorporeal 
circuit is, according to the prior art, calculated as a cal- 
ibration factor multiplied by the revolution rate of a rotor 
39 of the peristaltic pump 13. The calibration factor is 
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determined on the basis of the internal diameter of the 
pump segment 36. 

[0038] The blood flow rate thus obtained will be in er- 
ror if the inlet pressure to the peristaltic pump is low so 
that a substantial pressure difference is created over the s 
peristaltic pump. Within the field of peristaltic pumps, it 
is known to take account of the pressure at the inlet of 
the pump segment and to adapt the calculated flow rate 
in dependence of the measured pressure, confer e.g. 
Danish patent application No. 74-4853 (Sandoz AG). 10 
However, due to the manufacturing tolerances of a PVC 
pump segment, it is necessary to calibrate the pump 
segment each time a new treatment starts. 
[0039] According to the present invention, such cali- 
bration takes place by using the internal equipment of a '5 
dialysis machine (or other medical machine comprising 
a flow meter). 

[0040] Fig. 2 shows how the fluid flow, given on the 
vertical axle, through pump segments of five different 
brands is heavily dependent on the pressure, given on 20 
the horizontal axle, upstreams of the pump at constant 
pump speed. Despite constant pump speed of 21 revo- 
lutions per minute, the flow drops heavily with reducing 
pressure upstreams of the pump. Large negative pres- 
sure upstreams of the pump can occur if for example 25 
too narrow a needle is chosen or if the needle and/or 
blood tubes are blocked in' some way between the pa- 
tient and the pump. One reason for this can be that the 
negative pressure has a tendency to keep the pump 
segment pressed together even after the pump roll has 30 
passed. This effect is of course reduced if the pump seg- 
ment has a large wall thickness and an elastic material 
is used. 

[0041] Fig. 3 shows how the fluid flow through one and 
the same pump segment is dependent on time. This fig- 35 
ure also shows how the pump efficiency changes with 
time for pump segments of five different brands. 
[0042] One way of calibrating a peristaltic pump seg- 
ment using a fluid flow meter internal of the dialysis ma- 
chine is shown in Fig. 4. In this first embodiment, the *o 
dialyzer 2 is disconnected, compared with Fig. 1 , and 
hoses 5 and 6 are connected to a safety by-pass circuit 
9, including a pressure monitor 1 0. The dialysis machine 
is so adapted, that certain machine operations can only 
be performed when hoses 5 and 6 are connected to said *s 
by-pass circuit 9. Such operations are for example dis- 
infection and cleaning of the machine and includes cal- 
ibration of the peristaltic pump according to the first em- 
bodiment of the present invention. 

[0043] By-pass circuit 9 includes a second inlet con- so 
nection 1 5, which can be placed on the dialysis machine 
or be a T-connector at hose 6 or hose 5, as shown in 
Fig. 4. The connector 15 is connected to the outlet of 
the peristaltic pump segment. 

The inlet of the peristaltic pump segment is connected ss 
to the bag or container 40 comprising sterile priming so- 
lution as described in connection with Fig. 1 . 
[0044] Furthermore, the pump segment comprises a 
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connector 1 6 for connection to a pressure meter posi- 
tioned internal of the dialysis machine. Thus, the inlet 
pressure to the peristaltic pump can be measured by the 
internal pressure meter. The measured pressure is fed 
to a control and/or monitoring circuit 25, which also in- 
cludes an inlet for rotor speed of the perstialttc pump. 
[0045] The dialysis machine is now operated so that 
a certain dialysate priming flow is passing inlet 31 , pump 
20, fluid flow meter 19, dialysate outlet 32, by-pass cir- 
cuit 9, return inlet 33, fluid flow meter 18, pump 21 to 
waste outlet 34. Pumps 20 and 21 are driven so as to 
provide a predetermined pressure corresponding to nor- 
mal outlet pressure for the peristaltic pump during nor- 
mal operation, for example a positiv pressure of about 
200 mm Hg. 

[0046] The peristaltic pump is operated at a certain 
constant revolution rate, whereby sterile solution is 
pumped from container 40, through pump segment 36 
to connector 15 and then through fluid flow meter 18 to 
the waste outlet 34. The dialysis machine measures a 
fluid flow differential between fluid flow meters 19 and 
1 8, and the differential is the addition from the peristaltic 
pump. At the same time, the pressure at the inlet of the 
peristaltic pump segment is measured. 
[0047] The measured pair of values are stored in the 
calculating circuit 25, which usually is a computer of the 
dialysis machine. Then, the inlet pressure is changed 
and new pairs of measured values of the fluid flow and 
the inlet pressure is stored. The procedure is repeated 
until sufficient number of pairs of measured values are 
obtained. The computer calculates a calibration curve, 
which then is used for determining the actual fluid flow 
during subsequent operation of the dialysis machine. 
[0048] The different inlet pressures can be obtained 
in different ways. Thus, it is possible to alter the height 
position of the container 40, thereby to obtain different 
inlet pressures as suggested by arrow 24. Usually, it is 
desired to have negative pressures, and it is not possi- 
ble to lower the container 40 too much. In order to have 
a more convenient adjustment of the inlet pressure, an 
adjustable throttle valve 23 is used as shown in Fig. 4. 
Preferably, the throttle valve is positioned at the medical 
machine and is controlled by said machine. Alternative- 
ly, it is possible to place the throttle valve at the inlet 
hose 42. whereby the valve can be adjusted manually 
or automatically. 

[0049] The method according to the first embodiment 
can be used in connection with initial filling up of the di- 
alysis machine, when no dialyzer is connected. 
[0050] In a second embodiment shown in Fig. 5, the 
calibration is performed during priming of the dialyzer 
as shown and described in connection with Fig. 1 . How- 
ever, the outlet from the dialyzer 12 is not fed to a waste 
41 but connected to an inlet connector 1 5* of the dialysis 
machine adjacent return inlet 33. The connector 15' is 
shown in Fig. 5 as a T-connector of hose 6. 
[0051 ] The operation of the second embodiment is the 
same as for the first embodiment, but has the advantage 
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that the diatyzer 2 is ready for use after the priming com- 
bined with calibration of the peristaltic pump. 
[0052] It is also possible to use the dialysis solution 
from the dialysis machine for calibrating the peristaltic 
pump. A third embodiment of the invention is shown in 
Fig. 6. This embodiment is similar to the embodiment 
according to Fig. 4, but the inlet to the peristaltic pump 
is connected to the T-connector 15. The outlet from the 
peristaltic pump is connected to a waste 41 . 
[0053] In this third embodiment, the pumps 20 and 21 
of the dialysis machine are driven so as to provide a cer- 
tain negative pressure at the by-pass circuit 9 where the 
inlet to the peristaltic pump is connected. The peristaltic 
pump is started and takes out a fluid flow from the dia- 
lysate flow. Thus, fluid flow meter 1 8 shows a lower fluid 
flow rate than fluid flow meter 1 9 and the difference is 
the fluid flow to the peristaltic pump. The pressure be- 
tween pumps 20 and 21 is equal to the inlet pressure to 
the peristaltic pump. Thus, the computer of the dialysis 
machine is provided with pair of values of fluid flow rate 
and inlet pressures for obtaining a calibration curve. 
[0054] In this embodiment, it is possible to adjust the 
inlet pressure continuously from a small positive pres- 
sure to a substantial negative pressure for obtaining the 
entire calibration curve. The calibration procedure can 
be repeated for several revolution rates for the peristaltic 
pump rotor to have several sets of calibration curves. 
[0055] Alternatively, the negative pressure can be ob- 
tained with and adjusted by means of an adjustable 
throttle valve 23 as mentioned above. 
[0056] Fig. 7 shows a fourth embodiment of the inven- 
tion where the calibration takes place during the priming 
of the dialyzer as in Fig. 5, but using the method of Fig. 6. 
[0057] It might be impossible to use the dialysate for 
calibrating the peristaltic pump segment if it cannot be 
assured that the dialysate is completely sterile, since the 
pump segment subsequently will be used for passing 
blood in an extracorporeal circuit, which must be sterile. 
[0058] However, certain dialysis machines have an 
outlet for sterile filtered solution used for infusion during 
hemofiltration or hemodiafiltration, either post- or prein- 
fusion. Such a dialysis machine is for example GAM- 
BRO AK100 ULTRA. 

[0059] According to a fifth embodiment of the inven- 
tion shown in Fig. 8, the dialysis solution used for prim- 
ing and calibration is first passed through a sterile filter. 
The dialysis solution through inlet 3 1 is passed via pump 
20 and fluid flow meter 1 9 to a sterile filter 45, which can 
be a hollow fibre filter or any other filter having a mem-, 
bran capable of passing solutes having a low molecular 
weight while preventing bacteria and endotoxins from 
passing the membrane. 

[0060] The filtered dialysis solution is emitted through 
a sterile solution outlet 46 and usually added to an infu- 
sion inlet of the drip chamber. A preinfusion is performed 
by adding the sterile filtered dialysis solution adjacent 
inlet 11. 

[0061] The fifth embodiment of the present invention 



includes using the sterile filtered solution for priming the 
dialyzer 2 and calibrating the peristaltic pump segment. 
This fifth embodiment is shown in Fig. 8 and corre- 
sponds in all essentials to the fourth embodiment shown 

s in Fig. 7, but the sterile filter 45 has been added. The 
operation is obvious from the above description. 
[0062] A sixth embodiment of the invention is shown 
in Fig. 9 and comprises a dialyzer 2* used for hemofil- 
tration, a so called hemofilter. Such a hemofilter lacks 

10 . inlet 7 for dialysis solution and an ultrafiltrate is taken 
out from the blood through outlet 8'. The ultrafiltrate is 
compensated by addition of substitution solution from 
sterile filtered outlet 46 as mentioned above. Said he- 
mofilter is primed by dialysis solution from sterile filtered 

15 outlet 46. According to the sixth embodiment, the outlet 
12 from the hemofilter 2' is fed to the inlet of the peri- 
staltic pump. Thus, the difference between flow meters 
19 and 18 is the flow through the peristaltic pump. By 
means of pumps 20, the inlet pressure to the pump seg- 

20 ment can be adjusted. Pump 21 controls the transmem- 
brane pressure. Alternatively, the throttle valve 23 can 
adjust the inlet pressure. The further operation is obvi- 
ous from the above given description. 
[0063] During some types of dialysis, such as single 

25 needle dialysis and for infusion of substitution solution 
during hemofiltration, a second peristaltic pump is used 
for such purposes. Such second pump can be calibrated 
in the same way as described above. 
[0064] It is noted that the peristaltic pump segment is 

30 calibrated according to the invention while using a prim- 
ing solution comprised in a container 40 or a dialysis 
solution from the dialysis machine. It is noted that blood 
usually is much more viscous than such solutions. How- 
ever, the calibration curve is essentially independent of 

35 which fluid is pumped as soon as it is non-compressible, 
since the variation due to different inlet pressures mainly 
is dependent on the fact that the pump segment is not 
returned to its circular shape after each pump stroke. 
Thus, the calibration curve is mainly a property of the 

to material and dimensions of the pump segment proper. 
[0065] It is noted that the calibration curve will change 
with time as shown and described with reference to Fig. 
3. Such dependency is believed to be mainly dependent 
on fatigue in the material. It is also known that the elas- 

45 ticity of most plastic materials is very dependent on the 
temperature. Thus, it is prefered to perform the calibra- 
tion at a temperature close to 37 degrees Celsius. 
[0066] Such a temperature is easily achieved in the 
embodiments according to Figs. 6, 7 and 8. In the em- 

so bodiments according to Figs. 4 and 5, such temperature 
can be obtained by heating the priming solution in con- 
tainer 40. 

[0067] In order to obtain a calibration curve, the cali- 
bration pair values are compared to known calibration 
55 curves stored in the medical machine and the most cor- 
rect calibration curve is selected. To select a correct 
curve, it is sufficient to have two pairs of values. One of 
the pair values can be given by the manufacturer for the 
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actual type of pump segment, although measured val- 
ues are preferred. 

[0068] Generally, the calibration curve is a second de- 
gree curve and it can be approximated by using three 
different pair values (of which one can be given by the s 
manufacturer). 

[0069] It is possible to take several measured pairval- 
ues for the same input pressure and calculate the mean 
value thereof for increasing the probability of having the 
correct calibration curve. Finally, as described in con- 10 
nection with Fig. 6, it is possible to obtain the entire cal- 
ibration curve or set of calibration curves by continuous- 
ly adjusting the inlet pressure and measure the corre- 
sponding fluid flow. Further alternatives are obvious to 
a skilled person. is 
[0070] Account is also taken for the dependency of 
the fluid flow by time. Such adjustment is less dependent 
on different properties of the actual pump segment used 
but is more constant for the actual brand of pumps seg- 
ment and is furthermore rather small, such as less than 20 
about 5%. Thus, values obtained from a data sheet can 
be used for such compensation. 
[0071] It is evident from Fig. 3 that the decrease in 
fluid flow is obtained after about 60 minutes and for 
some types even earlier, such as after 30 minutes. By 25 
performing the calibration after that the decrease has 
substantially occured, such as after 15, 30 or 60 min- 
utes, the time dependency can be neglected. 
[0072] The actual fluid flow through the peristaltic 
pump during operation of the medical machine, can be 30 
obtained by measuring the inlet pressure and revolution 
rate of the peristaltic pump. From the calibration curves, 
an actual fluid flow can be determined. Such actual flow 
can be shown on the medical machine on a display 
thereof. Alternatively, said actual flow can be fed to a 35 
control device adapted to adjust the peristaltic pump to 
obtain a desired fluid flow. Further possibilities are ob- 
vious to a skilled person. 

[0073] As mentioned above, the invention is particur- 
larty intended to be used at dialysis. Some dialysis ma- <o 
chines, such as GAMBRO AK100, has an internal fluid 
flow meter directly measuring the fluid flow by using a 
magnetic field and measuring the electric properties of 
the fluid flow under influence of said magnetic field. Oth- 
er dialysis machines have other types of fluid flow me- *s 
ters using other physical properties for measuring the 
fluid flow. Still further dialysis machines have constant 
deplacement pumps for measuring the fluid flow and si- 
multaneous pumping the fluid, i.e. generating a pres- 
sure. All such types of "flow meters" are intended to be so 
within the definition of the claims. 
[0074] The invention is of course not limited to the em- 
bodiments described above, but can be varied within the 
scope of the appended patent claims. Different combi- 
nations of features and properties from the described ss 
embodiments can be used. It should hereby be ob- 
served that a dialysis machine ordinarily contains a 
large number of components apart from those shown 
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schematically in the figures. Additionally account can al- 
so be taken of further operative factors apart from those 
mentioned above. For example the height difference be- 
tween the pressure meter 16 and the safety coupling 9 
can also be taken into account. 



Claims 

1. A method of calibrating a peristaltic pump (13) in- 
tended to be used in connection with a medical ma- 
chine comprising an internal fluid flow meter, said 
peristaltic pump including a replaceable pump seg- 
ment (36) and propelling means (39) for advancing 
a fluid inside the pump segment (36), comprising 
the steps of 

introducing the fluid to said pump segment (36), 
when placed in position in said propelling 
means (39); 

pumping said fluid by said peristaltic pump (13) 
at a substantially constant rate of said propel- 
ling means (39); 

obtaining and measuring at least one adjusted 
inlet pressure to said pump segment (36); 
measuring the fluid flow rate through said pump 
segment (39) at said at least one adjusted inlet 
pressure by said internal fluid flow meter 
(1 8,1 9) of the medical machine, for obtaining at 
least one calibration pair value. 

2. Method according to claim 1 , characterized by 

obtaining at least three calibration pair values, 
of which one can be obtained from a manufac- 
turer data sheet; 

calculating a calibration curve from said cali- 
bration pair values for the relationship between 
the fluid flow rate and inlet pressure at said con- 
stant revolution rate; 

determining the actual fluid flow rate from said 
calibration curve based on the actual inlet pres- 
sure and the actual revolution rate of the pro- 
pelling means (39). 

3. Method according to claim 1 or 2, characterized by 
compensating the calibration curves for time de- 
pendency thereof, by a standard value compensa- 
tion obtained from data sheets, or by performing the 
calibration after the laps of a certain time period of 
at least 15 minutes, preferably at least 30 minutes. 

4. Method according to claim 1 , 2 or 3, characterized 
by introducing, at said adjusted inlet pressure, the 
fluid flow from the outlet of the peristaltic pump into 
the medical machine for obtaining said fluid flow 
rate from said internal fluid flow meter (18,1 9) of the 
medical machine. 
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5. Method according to claim 1 , 2 or 3, characterized 
by obtaining, at said adjusted inlet pressure, the in- 
let flow to said pump segment (36) from an outlet of 
said medical machine, said inlet flow rate being 
measured by said internal flow meter of said medi- 
cal machine. 

6. Method according to claim 5, characterized by ob- 
taining said adjusted inlet pressure from an internal 
pump (20,21) of said medical machine, said internal 
pump being operated so as to provide said inlet 
pressures. 

7. Method according to claim 4 or 5, characterized by 
obtaing said adjusted inlet pressure by means of an 
adjustable throttle valve (23). 

8. Method according to anyone of the previous claims, 
characterized in that said medical machine is a di- 
alysis machine. 

9. Medical machine for performing the method of an- 
yone of claims 1 -8, comprising an 

internal fluid flow meter and a peristaltic pump 
including a peristaltic propelling means for co- 
operation with a peristaltic pump segment to be 
introduced in said propelling means, 
a first hose (42) for connection of the inlet of the 
pump segment to a source of a solution, 
a second hose (43) for connection of the outlet 
of the pump segment to a waste, 
means (20,23,16) for obtaining and measuring 
at least one adjusted inlet pressure to said 
pump segment (36) during pumping by said 
peristaltic pump at a substantial constant rate 
of said propelling means (39); 
means (18,19) for measuring the fluid flow rate 
through said pump segment at said adjusted in- 
let pressure by said internal fluid flow meter. 

10. Medical machine according to claim 9, character- 
ized by 

calculation means (25) for calculating a calibra- 
tion curve from said pair or pairs of measured 
values of inlet pressure and fluid flow rate; 
determination means (25) for determining the 
actual fluid flow rate from said calibration curve 
based on the actual inlet pressure and the ac- 
tual revolution rate of the propelling means. 

11. Medical machine according to claim 9 or 10, char- 
acterized in that said second hose (43) is connect- 
ed to an inlet (15) of the medical machine leading 
to said fluid flow meter (18,19) and further to a 
waste. 



12. Medical machine according to claim 9 or 10, char- 
acterized in that said said first hose (42) is connect- 
ed to an outlet (15) of the medical machine and the 
outlet flow being measured by said internal fluid flow 

s meter (18,19). 

1 3. Medical machine according to anyone of claims 9 - 
1 2, characterized in that said inlet of the pump seg- 
ment or said first hose comprises an adjustable 

10 throttle valve (23) for adjusting the inlet pressure to 
the pump segment to said adjusted inlet pressure. 

1 4. Medical machine according to claim 1 2, character- 
ized in that said medical machine comprises means 

is (20,21 ) for adjusting the pressure at said outlet (1 5) , 
whereby the pressure to the inlet of the pump seg- 
ment is adjusted. 

1 5. Medical machine according to anyone of claims 9 - 
20 14, characterized in that said medical machine is 

a dialysis machine. 

PatentansprQche 

25 

1. Verfahren zum Kalibrieren einer peristaltischen 
Pumpe (13), die dazu bestimmt ist, in Verbindung 
mit einer medizinischen Maschine verwendet zu 
werden, welche einen inneren FlieBmittel-Durch- 

30 fluBmesser aufweist, wobei die peristaltische Pum- 
pe ein auswechselbares Pumpsegment (36) und 
Antriebsmittel (39) zum VorwSrtsbewegen eines 
FlieBmittels innerhalb des Pumpsegmentes (36) 
beinhaltet, wobei das Verfahren die Schritte auf- 

35 weist: 

Einfuhren des FlieBmittels in das Pumpseg- 
ment (36), wenn es in dem Antriebsmittel (39) 
in Position gebracht ist; 
40 Pumpen des FlieBmittels durch die peristalti- 

sche Pumpe (13) bei einer im wesentlichen 
konstanten Geschwindigkeit des Antriebsmit- 
tels (39); 

Erhalten und Messen mindestens eines einge- 
45 stellten Ansaugdruckes zu dem Pumpsegment 

(36); 

Messen der FlieBmittel-FlieBgeschwindigkeit 
durch das Pumpsegment (39) bei mindestens 
dem einen eingestellten Ansaugdruck durch 
50 den inneren FlieBmittel-DurchfluBmesser (18, 

19) der medizinischen Maschine, urn minde- 
stens ein Kalibrierwertepaar zu erhalten. 

2. Verfahren nach Anspruch 1 , dadurch gekennzeich- 
55 net, daB mindestens drei Kalibrierwertepaare erhal- 
ten werden, von denen eines von einem Hersteller- 
Datenblatt erhalten werden kann; 
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Berechnen einer Kalibrierkurve aus den Kali- 
brierwertepaaren fur das Vertialtnis zwischen 
der Flie(3mittel-Durchfluf3geschwindigkeit und 
dern Ansaugdaick bei konstanter Drehzahl; 
Bestimmen der tatsachlichen FlieQmittel- 
FlieBgeschwindigkeit aus der Kalibrierkurve, 
welche auf dem tatsSchlichen Ansaugdruck 
und der tatsachlichen Drehzahl der Antriebs- 
mittel (39) basiert. 

3. Verfahren nach Anspruch 1 Oder 2, gekennzeichnet 
durch das Kompensieren der Kalibrierkurven be- 
zuglich ihrerZeitabhSngigkeit durch eine Standard- 
wertkompensation, welche von Datenblattern er- 
halten wird, Oder durch Durchfuhrung des Kalibrie- 
rens nach dem Ablauf eines bestimmten Zeitraums 
von mindestens 15 Minuten, vorzugsweise minde- 
stens 30 Minuten. 

4. Verfahren nach Anspruch 1 , 2 oder 3, gekennzeich- 
net durch das Einfuhren des FlieBmittelflusses bei 
dem eingestellten Ansaugdruck von dem AuslaB 
der peristaltischen Pumpe in die medizinische Ma- 
schine, um die FlieBmittel-FlieBgeschwindigkeit 
von dem inneren FlieBmittel-DurchfluBmesser (18, 
19) der medizinischen Maschine zu erhalten. 

5. Verfahren nach den Anspruchen 1, 2 oder 3, ge- 
kennzeichnet durch das Erhalten des EinlaBflusses 
zu dem Pumpsegment (36) von einem AuslaB der 
medizinischen Maschine bei dem eingestellten An- 
saugdruck, wobei die EinlaBfluBgeschwindigkeit 
durch den inneren DurchfluBmesser der medizini- 
schen Maschine gemessen wird. 

6. Verfahren nach Anspruch 5, gekennzeichnet durch 
das Erhalten des eingestellten Ansaugdruckes von 
einer inneren Pumpe (20, 21) der medizinischen 
Maschine, wobei die innere Pumpe so betrieben 
wird, daB sie die Ansaugdrficke liefert. 

7. Verfahren nach den Anspruchen 4 oder 5, gekenn- 
zeichnet durch das Erhalten des eingestellten An- 
saugdruckes mittels eines einstellbaren Drossel- 
ventils (23). 

8. Verfahren nach einem der vorhergehenden Anspru- 
che, dadurch gekennzeichnet, daB die medizini- 
sche Maschine eine Dialysemaschine ist. 

9. Medizinische Maschine zur Durchfiihrung des Ver- 
fahrens eines der Anspruche 1 bis 8, mit 



eingefuhrt werden soil, 

einem ersten Schlauch (42) zur Verbindung 
des Einlasses des Pumpsegmentes mit einer 
Ldsungsquelle, 
5 einem zweiten Schlauch (43) fur die Verbin- 

dung des Auslasses des Pumpsegmentes mit 
einem Abfall, 

Mitteln (20, 23, 16) zum Erhalten und Messen 
mindestens eines eingestellten Ansaugdruk- 
10 kes zu dem Pumpsegment (36), wShrend durch 

die peristaltlsche Pumpe bei einer im wesentli- 
chen konstanten Geschwindigkeit der An- 
triebsmittel (39) gepumpt wird; 
Mitteln (18, 19) zum Messen der FlieBmittel- 
'5 FiieBgeschwindigkeit durch das Pumpsegment 

bei dem eingestellten Ansaugdruck durch den 
inneren FlieBmittel-DurchfluBmesser. 

10. Medizinische Maschine nach Anspruch 9 
20 gekennzeichnet durch 

Berechnungsmittel (25) zum Berechnen einer 
Kalibrierkurve aus dem gemessenen Werte- 
paar oder den gemessenen Wertepaaren des 
25 Ansaugdruckes und der FlieBmittel-FlieBge- 

schwindigkeit; 

Bestimmungsmittel (25) zum Bestimmen der 
tatsachlichen HieBmittel-FlieBgeschwindigkeit 
aus der Kalibrierkurve, welche auf dem tat- 
30 sSchlichen Ansaugdruck und der tatsSchlichen 

Drehzahl des Antriebesmittels basiert. 

1 1 . Medizinische Maschine nach den Anspruche 9 Oder 
10, dadurch gekennzeichnet, daB der zweite 

35 Schlauch (43) mit einem EinlaB (15) der medizini- 
schen Maschine verbunden ist, welcher zu dem 
FlieBmittel-DurchfluBmesser (18, 19) und weiter zu 
einem Abfall fuhrt. 

40 12. Medizinische Maschine nach Anspruch 9 Oder 10, 
dadurch gekennzeichnet, daB der erste Schlauch 
(42) mit einem AuslaB (15) der medizinischen Ma- 
schine verbunden ist und der AuslaBfluB durch den 
inneren FiieBmittel-DurchfiuBmesser (18, 19) ge- 
45 messen wird. 

13. Medizinische Maschine nach einem der Anspruche 
9 bis 12, dadurch gekennzeichnet, daB der EinlaB 
des Pumpsegmentes Oder der erste Schlauch ein 
einstellbares Drosselventil (23) zum Einstellen des 
Ansaugdruckes zu dem Pumpsegment auf den ein- 
gestellten Ansaugdruck aufweist. 

1 4. Medizinische Maschine nach Anspruch 1 2, dadurch 
gekennzeichnet, daB die medizinische Maschine 
Mittel (20, 21) zum Einstellen des Druckes an dem 
AuslaB (15) aufweist, wodurch der Druck zu dem 
EinlaB des Pumpsegmentes eingestellt wird. 



einem inneren FlieBmittel-DurchfluBmesser 
und einer peristaltischen Pumpe, welche ein ss 
peristaltisches Antriebs mittel fur die Zusam- 
menarbeit mit einem peristaltischen Pumpseg- 
ment aufweist, welches in das Antriebsmiue! 
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15. Medizinische Maschine nach einem der Anspruche 
9 bis 14, dadurch gekennzeichnet, daG die medizi- 
nische Maschine eine Dialysemaschine ist. 



Revendications 5. 

1. Proc6d6 d'etalonnage d'une pompe peristaltique 
(13) pr6vue pour Stre utilisde en association avec 
une machine medicale comprenant un debitmetre 10 
de fluide interne, la dite pompe peristaltique in- 
cluant un segment de pompe remplagable (36) et 

des moyens de propulsion (39) pour faire avancer 6. 
un fluide k I'interieur du segment de pompe (36), 
comprenant tes etapes de : is 

introduction du fluide dans le dit segment de 
pompe (36), lorsque celui-ci est place en posi- 
tion dans les dits moyens de propulsion (39) ; 7. 
pompage du dit fluide par la dite pompe peris- 20 
taltique (13), a une vitesse sensiblement cons- 
tante des dits moyens de propulsion (39) ; 
obtention et mesure d'au moins une pression 8. 
d'entree regiee au dit segment de pompe (36) ; 
et 25 
mesure du debit de fluide dans le dit segment 
de pompe (39), k la dite au moins une pression 9. 
d'entree r6g!6e, par le dit debitmetre de fluide 
interne (18, 19) de ia machine medicale, pour 
obtenir au moins une paire de valeurs d'etalon- 30 
nage. 

2. ProcedS selon la revendication 1 , caracterise par : 

I'obtention d'au moins trois paires de valeurs 35 
d'etalonnage, dont Tune peut etre obtenue a 
partir d'une feuille de donnees du fabricant ; 
le calcul d'une courbe d'etalonnage & partir des 
dites paires de valeurs d'etalonnage pour la re- 
lation entre le debit de fluide et la pression d'en- 40 
tr6e, & la dite vitesse de rotation constante ; et 
la determination du debit effectif de fluide et par- 
tir de la dite courbe d'etalonnage, sur la base 
de la pression d'entree effective et de la vitesse 
de rotation effective des moyens de propulsion 45 
(39). 

3. Procede selon la revendication 1 ou 2, caracterise 
en ce qu'on compense ies courbes d'etalonnage 
pour leur dependance au temps, d'une valeur de so 
compensation standard obtenue a partir de feuiiies 

de donnees, ou en ce qu'on execute I'etalonnage 10. 
apres ecoulement d'un certain temps, d'au moins 
1 5 minutes et de preference d'au moins 30 minutes. 

55 

4. ProcSde selon la revendication 1 , 2 ou 3, caracte- 
rise" par Introduction, a la dite pression d'entree re- 
gime, du debit de fluide venant de la sortie de la 



pompe peristaltique dans la machine medicate pour 
obtenir le dit debit de fluide foumi par le dit debit- 
metre de fluide interne (18, 19) de la machine me- 
dicale. 

Procede selon la revendication 1 , 2 ou 3, caracte- 
rise par I'obtention, a la dite pression d'entree re- 
gime, du debit d'entree au dit segment de pompe 
(36) k partir d'une sortie de la dite machine medi- 
cale, le dit debit d'entree etant mesure par le dit de- 
bitmetre interne de la dite machine medicale. 

Proc6d6 selon la revendication 5, caracterise par 
i'obtention de la dite pression d'entree regiee a par- 
tir d'une pompe interne (20, 21) de la dite machine 
medicale, la dite pompe interne etant actionnee de 
facon a fournir les dites pressions d'entree. 

Procede selon la revendication 4 ou 5, caracterise 
par I'obtention de la dite pression d'entree r6gl6e au 
moyen d'une vanne d*6tranglement r6glable (23). 

Proc6d6 selon une quelconque des revendications 
pr6c6dentes, caracterise en ce que la dite machine 
medicate est une machine de dialyse. 

Machine medicale pour la mise en oeuvre du pro- 
cede selon une quelconque des revendications 1 a 
8, comprenant : 

un debitmetre de fluide interne et une pompe 
peristaltique incluant des moyens de propul- 
sion peristaltique pour cooperation avec un 
segment de pompe peristaltique a introduire 
dans les dits moyens de propulsion : 
un premier flexible (42) pour connexion de Ten- 
tree du segment de pompe k une source d'une 
solution : 

un deuxieme flexible (43) pour connexion de la 
sortie du segment de pompe a. une evacuation ; 
des moyens (20, 23, 16) d'obtention et de me- 
sure d'au moins une pression d'entree ajustee 
au dit segment de pompe (36) pendant le pom- 
page par la dite pompe peristaltique, a une vi- 
tesse sensiblement constante des dits moyens 
de propulsion (39) ; et 

des moyens (1 8, 1 9) de mesure du debit de flui- 
de dans le dit segment de pompe, a la dite pres- 
sion d'entree r6giee, par le dit debitmetre de 
fluide interne. 

Machine medicale selon la revendication 9, carac- 
teris6e par : 

des moyens de calcul (25) pour calculer une 
courbe d'etalonnage k partir de la dite paire ou 
des dites paires de valeurs mesunees de la 
pression d'entree et du debit de fluide; et 
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des moyens de determination (25) pour deter- 
miner le d6bit de fluide effectif a partir de la dite 
courbe d'etalonnage, sur la base de la pression 
d'entr6e effective et de la Vitesse de rotation ef- 
fective des moyens de propulsion. s 

11. Machine m6dicale selon la revendication 9 ou 10, 
caract6ris6e en ce que le dit deuxieme flexible (43) 
est connects & une entr6e (15) de la machine me- 
dicate conduisant au dit debitmetre de fluide (18, io 
19) et ensuite & une evacuation. 

12. Machine m6dicale selon la revendication 9 ou 10, 
caract6ris6e en ce que le dit premier flexible (42) 

est connects k une sortie (1 5) de la machine medi- is 
cale, le d§bit de sortie etant mesure par le dit debit- 
metre de fluide interne (18,19). 

13. Machine m6dicale selon une quelconque des re- 
vendications 9 k 12, caracterise en ce que la dite 20 
entr6e du segment de pompe ou le dit premier flexi- 
ble comprend une vanne d'etranglement reglable 
(23) pour r6duire la pression d'entree au segment 

de pompe k la dite pression d'entree reglee. 

25 

14. Machine m6dicale selon la revendication 1 2, carac- 
t6risee en ce que la dite machine medicale com- 
prend des moyens (20, 21) pourajuster ta pression 
k ia dite sortie (15), de sorte que la pression a I'en- 
tr6e du segment de pompe est reglee. 30 

15. Machine medicale selon une quelconque des re- 
vendications 9 & 14, caracteris6e en ce que la dite 
machine m6dicale est une machine de dialyse. 

35 
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Fig, 6 
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